In Alberta, wild bison, Bison bison (Linnaeus 1758) occurring outside protected areas are assumed to have originated from the free-ranging bison populations within Wood Buffalo National Park (WBNP). As bison in WBNP are infected with 2 diseases, it was assumed that neighboring bison outside WBNP were also diseased. However, the neighboring Harper Creek and Ronald Lake bison populations have not tested positive for either disease, suggesting limited contact with WBNP herds. To resolve this, we analyzed microsatellite genotypes from all free-ranging bison groups in Alberta and one from the Northwest Territories (NWT), Canada. In the WBNP area where bison have persisted, we recover a genetically panmictic population comprising all possible subpopulations within the park, plus the adjacent Wentzel Lake herd, all of which are diseased. In contrast, but consistent with their disease-free status, we find the Ronald Lake and Harper Creek bison herds to be genetically differentiated from this larger WBNP herd, despite their close proximity. This highlights the importance of the Ronald Lake and potentially the Harper Creek herds for bison recovery. We also document the genetic impacts of translocation on the species, as the Mackenzie, NWT, and Elk Island National Park (EINP), Alberta, bison populations founded in the 1960s from WBNP animals are now genetically differentiated, but the more recently founded Hay Zama bison population is not differentiated from its source population, the EINP wood bison. Interestingly, factorial correspondence analysis, FST, and its high private allelic richness suggest that the Harper Creek population is significantly differentiated from all other bison populations studied. Though they are most closely related to WBNP populations, more study of this population is warranted.
The spatial delineation of local population boundaries for any wildlife species is a critical component of conservation and management planning (Waples and Gaggiotti 2006) . Given the ubiquitous landscape change that is occurring across the boreal forests of North America, understanding the reaction of resident species to these events is particularly important. For most species, ensuring connectivity between populations is critical for genetic exchange via dispersal, so populations do not become so isolated that they succumb to negative consequences of inbreeding (Hedrick and Kalinowski 2000) . However, if interchange among neighboring populations is potentially undesirable, then an understanding of the relationships and level of exchange, if any, between populations is essential for responsible management. For wood bison in northern Alberta and the Northwest Territories, the persistence of cattle-derived brucellosis and bovine tuberculosis within local populations in the Wood Buffalo National Park (WBNP) region presents such an issue, where connectivity between diseased and disease-free populations is intensely managed.
The goal for any management and conservation plan is to ensure that the species in recovery is viable in terms of numbers, health, and range occupancy (Critchton and Duncan 2005) . However, because limiting disease spread among bison populations is presently only feasible by preventing individual dispersal, the objectives of maintaining health and increasing range occupancy are at odds.
Bison ( In support of the Buffalo Protection Act, Buffalo National Park was established in Wainwright, Alberta in 1907 to provide a protected site for a herd of 716 plains bison that the Canadian Government purchased from Montana, United States (Carbyn and Watson 2001) . In addition, WBNP was established in northeastern Alberta in 1922 ( Fig. 1 ) to provide safe habitat for the remaining wood bison that ranged there (Soper 1941) .
Within both of these parks, bison populations increased substantially. WBNP was expanded to accommodate the growing population; however, Buffalo National Park, unable to extend its boundaries, experienced overcrowding. In response, Buffalo Park operators were forced to relocate approximately 6,600 plains bison into WBNP in lieu of a publically undesirable cull (Table 1) . This action, which was opposed by conservationists at the time, remains a negative legacy for the health and genetic integrity of the native wood bison, as the translocated plains bison hybridized with the local wood bison and introduced 2 cattle-derived diseases, bovine tuberculosis (Mycobacterium bovis) and brucellosis (Brucella abortus) (Wilson and Strobeck 1999; Joly and Messier 2001; Sandlos 2002) .
Conservation efforts have since had more positive outcomes, as disease-free wood bison herds have been established across Canada, including those populations in Elk Island National Park (EINP), Alberta, the Hay Zama Wildland Park, Alberta, and the Mackenzie bison herd in the NWT (Fig. 1) . However, the opportunity for wood bison populations to expand across their historic range, as is targeted by the national recovery strategy (Environment and Climate Change Canada 2016), is 
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The WBNP groups and the Wentzel Lake groups are positive for both brucellosis and bovine tuberculosis, indicated in red. All other populations under study have not tested positive for disease. The Mackenzie and Hay Zama herds are accepted as disease-free, shown in blue. Neither the Harper Creek nor the Ronald Lake populations have tested positive for disease, but testing has only been to a level that can certify that the herds are below 12% prevalence. EINP = Elk Island National Park, Alberta, Canada; WBNP = Wood Buffalo National Park, Alberta, Canada. AB = Alberta; GR = Garden River; LB = Little Buffalo; NL = Needle Lake; PL = Pine Lake; SG = Sweetgrass.
hindered by the continued threat of disease to any bison herd in proximity to WBNP. Small herds of bison are found in close proximity to the Park, Wentzel Lake, Harper Creek, and Ronald Lake (Fig. 1 ). These bison were generally presumed to be direct migrants from WBNP and therefore potentially a disease reservoir, increasing the risk of disease spread from WBNP to the disease-free Hay Zama recovery herd in northwestern Alberta.
In 2011, the Alberta Government began a disease surveillance program to determine the bovine tuberculosis and brucellosis status of all known bison groups residing between WBNP and the Hay Zama Wildland Park. As the prevalence for both diseases in WBNP is approximately 40% (Joly and Messier 2001) , it was assumed that the bison groups outside, but neighboring the park, would be infected at a similar level. Brucellosis and bovine tuberculosis can be tested for using a serum test, but the most robust testing is lethal, so testing levels are kept low. When testing a conservative sample size to detect either of these diseases at a prevalence of 12% or greater (Cannon and Roe 1982; Humphry et al. 2004) , no positive animals were found in Harper Creek and Ronald Lake; however, serum positive samples for brucellosis and bovine tuberculosis were obtained from the Wentzel Lake bison population (L. Fullerton, Government of Alberta, pers. comm.). This finding led to questions pertaining to the metapopulation structure of these bison groups and their direct association to WBNP in terms of disease risk and the natural recovery of bison in Alberta.
Although freedom from disease is important for bison recovery, maintaining the integrity of the wood bison subspecies is also of particular interest, if it still exists in remnant populations that have not been genetically characterized. There is acceptance that for bison living within WBNP and EINP, there are no "genetically pure" wood bison and that all individuals tested from these areas fall into a spectrum of genetic admixture between wood and plains bison (Wilson and Strobeck 1999; Cronin et al. 2013) . However, these studies did not include bison groups living outside WBNP (Wentzel Lake, Harper Creek, and Ronald Lake herds), thus, their genetic relatedness to other bison is currently unknown and is the focus of this study. Although these populations are assumed to have been established by WBNP migrants due to their proximity to the Park, there are few data to substantiate this. Establishing the connectivity and genetic relatedness of these peripheral populations to WBNP is a critical component to their management as either part of the WBNP metapopulation (and potential disease reservoir) or as distinct populations that themselves should be protected from the disease-carrying WBNP animals. All 3 of these herds bordering WBNP may enter the park itself at different points in the year but their level of interaction, if any, with the WBNP metapopulation animals is presently unknown.
Here, we use population genetics to describe the metapopulation structure of all bison groups in Alberta to help inform the management and recovery of this species and shed some light on the subspecies ancestry of these groups (i.e., plains bison, wood bison, and admixed individuals). We expect that the wild Harper Creek, Ronald Lake, and Hay Zama bison herds are genetically differentiated from the larger WBNP metapopulation. This prediction is based on the fact that the WBNP metapopulation has 2 highly transmissible diseases that would infect these proximate herds if there was genetic exchange (Fig. 1 ).
Materials and Methods
Samples.-Bison tissue, blood, or hair samples were collected from 5 free-ranging bison groups: Hay Zama, Wentzel Lake, Harper Creek, Mackenzie bison, and Ronald Lake (RL) and a contained wood bison herd in EINP (EINP Wood). Previously genotyped individuals from 5 bison groups within WBNP (Sweetgrass, Needle Lake, Pine Lake, Garden River, and Little Buffalo-Wilson and Strobeck 1999) and a contained plains bison herd in EINP (EINP plains) (Wilson et al. 2005) were included. Note that EINP holds both a wood and a plains bison population each located in a different region of the park, separated by a 4-lane highway and high-wire fencing to prevent mixing.
DNA extraction and microsatellite amplification.-Total genomic DNA was extracted from muscle, hair, or blood samples using the DNeasy blood and tissue kit (QIAGEN) and eluted in 200 µl. Individuals were genotyped at 10 microsatellite loci co-amplified in 2 PCR reactions (Supplementary Data S1). PCRs were performed in 10 µl reactions containing 5 µl of 2× Type-it multiplex PCR master mix (QIAGEN), 1 µl of 10× primer mix, and 4 µl (~50 ng) of template DNA. Thermal cycling was performed in an Eppendorf master cycler using the following profile; 95°C for 5 min, 28 cycles of 95°C for 30 s, 57°C (Supplementary Data S1, reaction 1) or 52°C (Supplementary Data S1, reaction 2) for 90 s, 72°C for 30 s with a final extension at 60°C for 30 min. PCR products were diluted 120-fold and 2.5 µl was electrophoresed on an AB 3730 DNA Analyzer (Applied Biosystems). Products were sized relative to Genescan 500 TAMRA (Life Technologies) using Genemapper 4.0 (Applied Biosystems). All samples were amplified and genotyped in triplicate to verify profile data consistency and genotyping error.
Hardy-Weinberg equilibrium, pairwise linkage disequilibrium, and descriptive statistics.-FSTAT 2.1 (Goudet 1995) was utilized to evaluate Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) for each of the 10 loci and pairs of loci, respectively. LD was tested using a Markov Chain method utilizing 10,000 de-memorizations, 5,000 batches, and 10,000 iterations. Sequential Bonferroni correction was used to adjust alpha-values (0.05) for multiple comparisons (Rice 1989) . F-statistics (F ST and F IS ) (Weir and Cockerham 1984) were calculated using the software FSTAT 2.1 (Goudet 1995) with significance levels set with a nominal level of 0.001 and 100,000 randomizations as recommended by Goudet (1995) to avoid type 1 and 2 error. The presence of null alleles and loci deviating from LD were further identified using the software package CERVUS 3.0 (Kalinowski et al. 2007 ) with an estimated null allele frequency greater than 5%.
Allele frequencies and heterozygosity estimates (observed and expected) for each locus were also determined using Genepop on the Web v.3.4 (Raymond and Rousset 1995) . We used the program HP-RARE (Kalinowski 2005) to calculate both allelic richness (R A ) and private allelic richness (R P ). HP-RARE uses rarefaction analyses to account for differences in sample sizes among populations.
Population structure: individual-based clustering.-The Bayesian clustering method STRUCTURE 2.3.4 was utilized (Pritchard et al. 2000; Falush et al. 2003) to examine genetic population structure without "a priori" designation (nonsupervised) of population assignment. Clustering was performed under the F-model (Falush et al. 2003 ) (assuming admixture and correlated allele frequencies) and allowing the degree of admixture alpha be inferred from the data. When alpha is close to 0, most individuals are essentially from one population or another, while alpha > 1 means that most individuals are admixed (Falush et al. 2003) . Each run was set to a burn-in of 500,000 and a Markov chain Monte Carlo of 750,000 steps. These values were determined after several trial runs to identify the size required for convergence of the posterior distribution (Pritchard et al. 2000; Falush et al. 2003) . Values of K of 1 through 12 were tested with each replicated 10 times (Evanno et al. 2005) to quantify the SD among the runs for a particular assumed K. We determined the optimal K-clusters using Structure Harvester (Earl and vonHoldt 2012) with the method developed by Evanno et al. (2005) to evaluate the rate of change in the log probability of the data (ΔK) among 10 runs for each assumed K, as well as the estimation of K assuming the highest estimated Ln probability of the data or Ln P(d) (Pritchard et al. 2000) .
BAPS 5.3 (Corander and Marttinen 2006; was also used to characterize the genetic structure of our bison samples. Unlike Structure, BAPS 5.3 infers clusters based upon similarities in the variance of baseline frequency data from assumed source populations (i.e., "a priori" defined bison herds- Ball et al. 2010) . As a result, the inference of K-clusters was set not to exceed the number of sampling areas. We inferred the maximum K to be between 1 and 12, with 20 replications of each inferred K. For the admixture analyses, parameters were set as follows: a minimum population size of 5 individuals for admixture analyses with 10,000 iterations per population and at least 5 reference individuals from each population with 10,000 iterations per reference individual.
BayesAss 3.0 (Wilson and Rannala 2003) was used to estimate the contemporary migration rates between populations and to estimate the proportion of nonmigrant ancestry in each individual (software option flag -g). Three independent runs of the program were undertaken, each with 10 million iterations, sampling every 100 iterations. The first 30% of samples were discarded as burn-in. Convergence was assessed using Tracer v.1.6 (Rambaut et al. 2014) . Runs were performed both with all individuals (results not shown) and also restricted to only the naturally established populations in the WBNP region.
Population structure: pairwise genetic distance metrics and factorial correspondence analysis.-Genetic differences among the bison groups were estimated and compared using pairwise F ST (Weir and Cockerham 1984) . The matrix was calculated using the software FSTAT 2.1 (Goudet 1995) with significance levels set with a nominal level of 0.001 and 100,000 randomizations as recommended. Factorial correspondence analysis (FCA) (Lebart et al. 1984 ) was performed to test for possible admixture among the individual genotypes using the module AFC sur populations of the GENETIX v.4.05 software. This method does not depend on the mutational model used for genetic markers (Laloë et al. 2007) , which is advantageous for analyses of microsatellites as it avoids the stochastic nature of their mutation process (Estoup et al. 2002) .
Founder effects and bottleneck detection.-To detect population bottlenecks, we applied the M-ratio test (the ratio of the number of alleles to the allelic size range) using the software M_P_Val (Garza and Williamson 2001) . The basis for this method is that following a bottleneck where alleles are lost, there will be fewer alleles observed than would be expected for the size range of alleles observed. The greater the "deficiency" of alleles (i.e., the lower the M-ratio), the stronger the bottleneck was inferred to be. The significance of the resulting value is determined by comparison against a distribution of M-values from 10,000 iterations of a theoretical population in mutationdrift equilibrium. A bottleneck is inferred if the observed value of M falls below 95% of the replicates. We set 3 parameters to approximate the mutation process in our bison populations: the proportions of mutations that are larger than a single step (P g ); the average size of nonsingle step mutations (Δ g ), and θ = 4N e μ (where N e is the effective population size and μ is the mutation rate). We used the default values of P g = 0.1 and Δ g = 3.5. We calculated θ over 2 extremes of N e = 10 and 1,000 and assuming a mutation rate of 5 × 10 −4 (Garza and Williamson 2001) .
results
Descriptive statistics ("a priori" defined bison groups).-A total of 252 tissue samples and complete 10-locus genotype profiles were collected from each of the 12 bison groups ( Table 2 ). The number of alleles among the 10 loci ranged from 3 (RT9) to 17 (BOVFSH). After Bonferroni correction for multiple testing, these results suggested an absence of nonrandom association (i.e., LD) between all pairs of loci. Null alleles were not detected for any of the amplified loci used in downstream analyses. All 10 microsatellite loci were used for downstream analyses.
Mean number of alleles per locus (N a ) ranged from 3.4 to 6.0. Allelic richness was similar in all groups (Table 2) . Private allele richness values were much higher in the Harper Creek bison (R P = 0.5) and EINP plains (R P = 0.25) groups than in others ( Table 2) . Five of the predefined populations had significant, positive F IS values (Little Buffalo, Pine Lake, Mackenzie, EINP wood bison, and EINP plains bison); the highest being in the Little Buffalo group (F IS = 0.14) ( Table 2) . These values suggest population deviation from HWE as a response to several potential factors including nonrandom mating due to small population size.
Pairwise F-statistics among our "a priori" defined bison groups showed that the WBNP populations were not differentiated from one another, nor was Wentzel Lake differentiated from any of the WBNP populations ( Table 3 ), indicating that WBNP and Wentzel Lake represent a single metapopulation. These groups were considered a single population in downstream analyses. In contrast, the 2 other populations proximate to WBNP were moderately to strongly differentiated from all other bison groups (Harper Creek: 0.12 ≤ F ST ≤ 0.23, P < 0.001; Ronald Lake: 0.07 ≤ F ST ≤ 0.23, P < 0.001). EINP wood bison showed no differentiation from the Hay Zama bison (F ST = 0.02), as expected since Hay Zama was founded by EINP individuals in 1984. As a combined population, WBNP + Wentzel Lake is moderately differentiated from all other wood and plains bison populations (Table 3 ; F ST = 0.05-0.09) except Harper Creek, from which it is highly differentiated (F ST = 0.14). Not including comparisons within the WBNP metapopulation or between Hay Zama and EINP wood bison, the pairwise population F ST measures ranged from 0.04 to 0.23 (Table 3) Table 3 ). The WBNP + Wentzel Lake population showed moderate inbreeding (F IS = 0.07), likely driven by the high F IS values in some of the subpopulations (Table 2) .
Genetic population structure (individual-based clustering).-STRUCTURE analysis using the genotypes of all samples and no a priori location designation identified a primary ΔK mode at K = 2 using the Evanno et al. (Fig. 2) . With K = 2, all individuals had some probability of assignment to Table 2 .-Descriptive statistics of all "a priori" defined bison groups studied. Metrics are listed for all a priori defined groups, plus the WBNP + Wentzel Lake metapopulation as identified by clustering and F ST analyses. Those values significant at P > 0.01 are denoted in bold. EINP = Elk Island National Park, Alberta, Canada; WBNP = Wood Buffalo National Park, Alberta, Canada. both clusters and no clear division could be made, although Hay Zama and EINP wood bison individuals assigned with highest probability to one cluster and the EINP plains bison and Harper Creek bison assigned most strongly to the other (Supplementary Data S2). The results from K = 7 are shown in Fig. 2 . The WBNP + Wenzel Lake individuals were highly admixed between clusters, but analysis of these populations separately strongly supported a single genetic cluster (Supplementary Data S3). Individual clustering resolved by BAPS including all individuals, showed the presence of 5 genetic groups (Fig. 2b) : 1) Ronald Lake; 2) Harper Creek; 3) EINP plains; 4) WBNP groups, Mackenzie bison, and Wentzel Lake; and 5) EINP wood and Hay Zama. These results corroborated those obtained from STRUCTURE 2.3.4, differing only in the clustering of Mackenzie with the WBNP metapopulation. Although they are not genetically differentiated, we retained EINP wood and Hay Zama as separate bison populations in further analyses, as these groups have little, if any, ongoing genetic exchange with any other bison group, including each other. Furthermore, we maintained Mackenzie bison as a separate genetic group because the STRUCTURE 2.3.4 analysis and F ST results suggest that it is somewhat differentiated from the WBNP + Wentzel Lake bison group. The Mackenzie population has also had restrictive opportunity for genetic exchange with the other bison groups due to the combination of its geographic location, the significant barrier of the Mackenzie River and Great Slave Lake and an ongoing bison disease control program (Fig. 1) which removes any bison found between Alberta and the NWT and thereby prevents dispersal events. n/a n/a n/a n/a n/a n/a 0. Migrant identification between WBNP region individuals.-BayesAss 3.0 was used to assess the probability that each individual within a predefined population is a 1st or 2nd generation migrant or of nonmigrant ancestry. The exchange of individuals routinely between the WBNP populations plus the Wentzel Lake population was supported by the majority of individuals receiving high probability of being a migrant of one of the other populations within this metapopulation (Supplementary Data S3) . Most individuals in the population received a high probability of being a migrant from the Pine Lake population, suggesting that this population may either be a source population or simply that the result is an artifact of artificially enforcing the program to estimate migration rates within what is essentially a genetically, panmictic population. In contrast, every individual from the 2 naturally founded, disease-undetected populations of Harper Creek and Ronald Lake had the highest probability of being a nonmigrant (Supplementary Data S3). Most individuals were assigned to be nonmigrants with probabilities > 0.90. The lowest posterior probability of being a nonmigrant for a Ronald Lake individual was 0.77. This individual had a small probability of being a 1st (P = 0.06) or 2nd (P = 0.14) generation migrant from Pine Lake (i.e., the WBNP metapopulation) and negligible other low probabilities. The lowest nonmigrant posterior probability for a Harper Creek individual was 0.64, with a probability of 0.29 of being a 2nd generation migrant from Pine Lake.
Factorial correspondence analysis.-Factorial Correspondence Analyses showed that, among individuals, the inertia proportion was divided between the 2 axes with the x-axis accounting for 6% and y-axis accounting for 5.2% (Fig. 3) . The resulting scatterplot of the individuals showed significant overlapping of individuals from Hay Zama, EINP wood bison, Ronald Lake, Mackenzie bison, and WBNP + Wentzel Lake. Individuals comprising the genetic clusters of Harper Creek and EINP plains were differentiated from the large overlapping groups along the x-axis and from each other on the y-axis.
Bottleneck analyses.-Bottleneck analyses suggest significant bottleneck signatures in all of our populations when inferring N e = 10 (P < 0.001) and in all but the EINP plains population (P = 0.218) when inferring N e = 1,000 (P < 0.05). The M-ratio (# alleles/range of allele sizes) for the EINP plains group was 0.833. Although we applied a cutoff for significance based on simulated distributions, a critical value of 0.68 is often applied to wild populations (Garza and Williamson 2001) , corroborating the lack of a bottleneck for the EINP plains bison. Other M-ratios ranged from 0.385 (Hay Zama) to 0.613 (WBNP + Wentzel Lake) (Supplementary Data S4) . Zama wood bison are not genetically differentiated from one another in any analysis, but as this similarity derives from a recent founding event, not population interchange, the Hay Zama herd was retained separately in this analysis. The WBNP plus Wentzel Lake metapopulation were combined, given that they represent a single, intermixing population. EINP = Elk Island National Park, Alberta, Canada; WBNP = Wood Buffalo National Park, Alberta, Canada. metapopulation. The low to moderate differentiation between the Mackenzie and EINP wood bison populations and their founding population of WBNP presumably results from the combination of founder effects and genetic drift. Though all herds except plains bison showed signal of a historic bottleneck (Supplementary Data S4) , the translocated Mackenzie and EINP wood bison do not exhibit any more signature of inbreeding than their founding population, WBNP, nor do they appear comparatively genetically depauperate (Table 2) . Given this, levels of genetic diversity in these translocated populations do not differ significantly from their source populations. However, the mean number of alleles was highest in the WBNP populations, consistent with their direct ancestry in the region from the last known remaining wild wood bison. This highlights the importance of maintaining the genetic ancestry of this population, despite its disease-positive status, as it may harbor ancestral diversity not captured in any of the translocated populations.
Population relatedness and structure in and around WBNP.-All bison within WBNP are strongly supported as belonging to a single metapopulation (Fig. 2, Table 3 , and Supplementary Data S3). Our results also strongly support the inclusion of the Wentzel Lake population that resides just outside WBNP (Fig. 1) as part of this panmictic metapopulation (Fig. 2 , Table 3 ). This is consistent with its disease-positive status, which is suggestive of contact with diseased bison from within WBNP. Though it is currently closely monitored, this population represents an extension of the WBNP metapopulations and, as such, is a disease reservoir and may be a threat to neighboring nondiseased herds.
Interestingly, 2 of the populations for which genetic data were previously unavailable, Harper Creek and Ronald Lake, are significantly differentiated from the WBNP + Wentzel Lake metapopulation (F ST of 0.14 and 0.08, respectively; Table 3 ; Fig. 2 ), despite their close geographic proximity (Fig. 1) . Although both populations were previously assumed to have originated from, and maintained contact with, WBNP bison, both measures of population differentiation (F-statistics; Table 3 ), clustering methods (Fig. 2) , contemporary migration estimates (Supplementary Data S3), and disease status suggest that neither Harper Creek nor Ronald Lake populations have much genetic exchange or contact with WBNP individuals. Both the Harper Creek and Ronald Lake herds were significantly differentiated from all other bison groups tested. Interestingly, although the Ronald Lake and Harper Creek bison are reasonably close to one another geographically, they are highly genetically differentiated from one another (F ST = 0.23), supporting separate founding events and separate contemporary populations.
Ronald Lake bison.-The Ronald Lake herd is of specific interest due to an apparent lack of contact with WBNP bison, as reflected in the absence of bovine tuberculosis or brucellosis in a sample size sufficient to detect prevalence at 12% (Cannon and Roe 1982; Humphry et al. 2004 ). Both diseases have high transmission rates, and prevalence rapidly increases to approximately 40% once established in a bison population (Joly and Messier 2001) . Given close proximity of Ronald Lake bison to infected bison of WBNP (Fig. 1) , the lack of disease is surprising. Based on F ST , the Ronald Lake bison population is more similar to WBNP than any other proximate bison group, yet, the 2 groups are still fairly differentiated (F ST = 0.08; Table 3 ; Fig. 2 ). Similar F ST values have been recorded for other wild species where populations are presumed to have little contact (wolverine-Cegelski et al. 2003; woodland caribou-Ball et al. 2010) . These results are consistent with a founding event from WBNP, but with relative isolation from WBNP in recent generations. None of the Ronald Lake individuals were identified as migrants within the last 2 generations (Supplementary Data S3), supporting the current isolation of the population from the WBNP metapopulation and highlighting the importance of supporting this separation to maintain the disease-free status of this herd.
Harper Creek bison.-Bison from the Harper Creek herd were significantly differentiated from all other bison groups (Figs. 2 and 3; Table 3 ). This group presently consists of approximately 40 individuals to the south of the Peace River, which may be an important barrier to movement. The population maintains similar allelic richness as other populations, but its private allelic richness is up to ~5-10 times higher than other bison populations studied excluding Plains EINP bison (Table 2) . Our results from the M-ratio comparison do suggest that, like all other bison populations tested (Supplementary Data S4), the Harper Creek bison have experienced a bottleneck event. As M-ratio tests are likely to detect bottlenecks in populations where the original population was large and a subsequent bottleneck lasted several generations (WilliamsonNatesan 2005) , this result suggests the Harper Creek bison population may have been founded by migrants from a larger bison population (most probably WBNP as they are most closely related to this metapopulation) and subsequently persisted at a low population size experiencing strong genetic drift. The historic knowledge and recent surveys of this herd consistently suggest < 50 animals in the group, primarily the result of low productivity (L. Fullerton, Government of Alberta, pers. comm.).
The reason behind why this population is so differentiated from other bison populations studied herein remains unknown. While Harper Creek is least differentiated from the WBNP metapopulation, it is still strongly differentiated (F ST = 0.14 with WBNP c.f. F ST = 0.19-0.23; Table 2 ). This differentiation is also observed in the FCA (Fig. 3) , where the Harper Creek and WBNP plains bison separate out along the 1st axis from other bison populations (Fig. 3) . However, the 2nd axis represented nearly the same proportion of the inertia (5.2%), and Harper Creek is clearly differentiated from plains bison along this axis (Fig. 3) (Wilson and Strobeck 1999) . Given their unique genetic makeup and their potentially disease-free status, this population warrants further study.
Wood bison versus plains bison ancestry across populations.-The WBNP "wood bison" population is generally less differentiated from the other bison populations than the EINP "plains bison," with the exception of the strong differentiation between WBNP + Wentzel Lake and Harper Creek (Table 3) . In most populations, the differentiation, as measured by F ST (Table 3) , with the EINP "wood bison" was fairly similar to the differentiation to the EINP "plains bison." Thus, there is no indication that any herd is genetically "pure" wood bison or "pure" plains bison. This does not exclude the possibility that any of the naturally founded (i.e., non-introduced) herds were native wood bison; it suggests that they currently share a genetic association with both subspecies. Overall, our findings coincide with Wilson and Strobeck (1999) and Cronin et al. (2013) in that "wood bison" as a genetically distinct subspecies are likely lost to genetic admixture with plains bison.
Implications for the recovery of bison.-Expansion of either bovine tuberculosis or brucellosis is of considerable concern to the recovery of free-ranging bison in northern Alberta. It is imperative to develop a management approach that prevents the large reservoir of diseased bison in WBNP from interacting with disease-free populations. Genetic structure results and recent disease surveillance in the region suggest that both the Ronald Lake and Harper Creek populations have little contact with WBNP bison and should be considered as a starting point for recovery actions. Although the high level of genetic differentiation between WBNP, Ronald Lake, and Harper Creek populations suggests limited movement among groups, bison management would be remiss to ignore the potential risk of disease transmission to the disease-free animals as long as bison are free to move into and out of the nearby enzootic areas of the national park.
On the other hand, the Wentzel Lake bison continue to be connected genetically and through disease occurrence to WBNP and should be considered a risk to disease-free bison populations. Future bison recovery plans may need to consider management actions to reduce the populations of infected and uninfected herds to avoid range expansion, overlap, and subsequently disease transmission. The results found herein provide critical information as a basis for such planning. literature cited
